1987; Intrigliolo and Castel 2010; Shellie and Bowen 2014; Munitz et al. 2016 ). 9 7
There is a lack of available information on the effects of drought stress on 9 8 hydraulic conductivity resulting from modifications to Vitis xylem anatomy, as 9 9 only a few studies have examined this subject (Lovisolo et al. 1998 This study was carried out in a 100-ha commercial vineyard located in the 1 0 6 Judean Plain, Israel (31 0 49'N, 34 0 53'E, elevation 124 m). This region has a semi-1 0 7 arid climate with predominantly winter rainfall (average 463 mm year -1 ) and high 1 0 8 evapotranspiration (average 1512 mm year -1 ). The vineyard was planted in 1998 1 0 9
with Vitis vinifera L cv. 'Merlot' grafted to 140 Ruggeri, and trained onto a two-1 1 0 wire vertical trellis. Row direction was North/South with a slight tendency to the 1 1 1 West, and vine and row spacing were 1.5 m and 3 m respectively (2222 vines ha -1 1 2 1 ). 
where K s is the specific hydraulic conductivity, p is the density of the fluid in kg 1 8 2 m -3 (assumed to be 1000 kg m -3 ), η is the dynamic viscosity of the fluid in MPa s -1 8 3 1 (assumed to be 1×10 -9 MPa s -1 ), A w is the area (m 2 ) of the xylem cross section 1 8 4 analyzed, d is the diameter (m) of the i th vessel and n is the total number of 1 8 5 vessels in the measured area. 1 8 6
Hydraulic conductivity per annual ring (K ar , kg m 1 MPa -1 s -1 ) was calculated by 1 8 7 multiplying the theoretical xylem specific hydraulic conductivity (K s ) by annual 1 8 8 growth ring area (A r , m 2 ). 1 8 9
Frequency classes for calculation of total vessel number and total conductivity 1 9 0 were established at intervals of 20 µm (Fig. 3) . For calculation of vessel density 1 9 1 and vessel average diameter, vessels were separated into two size categories 1 9 2 (>100 µm, ≤ 100 µm), since Vitis has a bimodal distribution of xylem vessels 1 9 3 (Fig. 3A) . 1 9 4 Statistical analysis 1 9 5
The software program JMP7 (SAS Institute, Cary, NC) was used for all 1 9 6 statistical procedures. Data were analyzed via analysis of variance (ANOVA), 1 9 7 and means were separated according to the least significant difference (LSD) at p 1 9 8 ≤ 0.05 using the Tukey-Kramer test. 1 9 9
The distribution of stem xylem vessels in all irrigation treatments showed a 2 0 3 classic bi-modal pattern. The small vessels (< 100 µm) constituted the majority 2 0 4 (61.3%) of total vessel number, while the large vessels comprised only 38.7% of 2 0 5 total vessels (Fig. 3A) . In contrast, the theoretical hydraulic conductivity showed 2 0 6 a reverse distribution, where the large vessels contributed 97.2% of total 2 0 7 conductivity ( Fig. 3B) , whereas the contribution of the more abundant small 2 0 8 vessels was negligible. 2 0 9
Seasonal changes in trunk diameter 2 1 0
As an integrative indicator of vegetative growth, seasonal changes in trunk 2 1 1 diameter were monitored monthly during 2011-2012 (following two years of 2 1 2 differential irrigation application after 11 years of identical irrigation). Seasonal 2 1 3 trends of trunk diameter development were similar in both years in all irrigation 2 1 4 treatments (Fig. 4) ; an increase in trunk diameter began two weeks after bud 2 1 5 break and continued until stage II (mid-June), then remained stable until the next 2 1 6 season. In 2011, a decrease in trunk diameter was apparent during stage III, in all 2 1 7 irrigation treatments. Vines in different irrigation treatments showed significant 2 1 8 differences in trunk diameter throughout the entire experimental period (Fig. 4 ). 2 1 9
Among static irrigation vines, trunk diameter was positively correlated with 2 2 0 applied water amounts, even though the trunk of the medium irrigation vines was 2 2 1 slightly narrower than expected (Fig. 4A ). In the dynamic irrigation treatments, 2 2 2 the early deficit vines exhibited the narrowest trunk diameter of all vines in all 2 2 3 irrigation treatments during the entire measuring period. The late deficit vines 2 2 4 had an intermediate trunk diameter throughout the measuring period (Fig. 4B) . Vines subjected to the static irrigation treatments differed significantly in their 2 2 7 annual ring width, with a positive effect of applied water amounts on ring width 2 2 8 (Table 2) . Within the dynamic irrigation treatments, the late deficit vines had the 2 2 9
widest annual ring width (901.5 µm), very similar to the width of the high 2 3 0 irrigation vines (Table 2) . Surprisingly, the early deficit vines had the narrowest 2 3 1 annual ring width (686 µm) even compared to the low irrigation vines (719 µm). 2 3 2
The general trend of annual ring area resembled the trend of annual ring width. 2 3 3
Ring area was positively affected by increasing water amounts in static treatment 2 3 4 vines. In dynamic irrigation treatments, early deficit vines had the smallest 2 3 5 annual ring area of the five treatments, while the late deficit vines had a 2 3 6 relatively large ring area, intermediate between that of the high and medium 2 3 7 irrigation vines (Table 2) .
The density of 'small' (≤100µm) and 'large' (>100µm) vessels was not 2 3 9 significantly affected by irrigation treatments, although a reduction in the density 2 4 0 of 'small' vessels in high irrigation vines was observed. The 'large' (>100µm) 2 4 1 vessel diameter of the high irrigation vines was significantly wider than that of 2 4 2 the low and medium irrigation vines. In the dynamic irrigation treatments, early 2 4 3 deficit vines had significantly narrower 'large' vessels than all vines in all other 2 4 4 irrigation treatments, while the late deficit vines had the wideset (Table 1 ). The 2 4 5 trend for 'small' (≤100µm) vessel diameter was less clear, with early deficit and 2 4 6 medium irrigation vines exhibiting significantly wider vessels than all other 2 4 7 vines. The trend in specific hydraulic conductivity was similar to that of 'large' 2 4 8 (>100µm) vessel diameter, where the high irrigation and late deficit vines had 2 4 9 significantly higher hydraulic conductivity (Table 1) than vines in other 2 5 0 treatments. Hydraulic conductivity per annual ring increased significantly with 2 5 1 increasing water amounts in the static irrigation treatments, whereas in dynamic 2 5 2 treatments the early deficit vines had the lowest conductivity, while the late 2 5 3 deficit vines had high conductivity (slightly lower than the high irrigation vines). 2 5 4
The relationship between hydraulic conductivity per annual ring and seasonal 2 5 5 water amount (Fig. 6a ) was weak and non-significant (R 2 = 0.21), while the 2 5 6 relationship between hydraulic conductivity per annual ring and water amounts 2 5 7 applied during stage I (bloom to bunch closure, Fig.   5 b) was stronger and 2 5 8 significant (R 2 = 0.60, p < 0.001). 
